Breast cancer is the most common forms of hereditary cancer worldwide. It is an important cause of morbidity and mortality. Based on the statistics released by the American Cancer Society in 2007, it is the second lethal cancer in women after lung cancer (1). Germ-line mutations in BRCA1 and BRCA2 genes cause hereditary predisposition to breast and ovarian cancer (2). These genes products play major role in DNA repair by homologous recombination, maintenance of chromosomal stability, activation of DNA damage checkpoints, transcription-coupled DNA repair, cell cycle regulation, and ubiquitylation (3-7). BRCA1 gene is located in 17q21 and consists of 24 exons coding for 1863 amino acids (8). BRCA2 in on 13q12 and consists 27 exons coding for 3418 amino acids (3). The majority of deleterious mutations found so far are frame-shift or nonsense mutations. They result in premature translation termination and are distributed throughout the genes, but splice-site mutations as well as single amino acid substitutions (missense mutations) in functionally important and well-defined domains have also been reported (7). 20-30% of individual with breast cancer have a family history of the cancer (3). By the age of 40, carrying a deleterious BRCA1 mutation confers a 20% risk of develAbstract Background: BRCA1 and BRCA2 genes have been recognized to be responsible for 20-30% of hereditary breast cancers and approximately 50% of familial breast and ovarian cancers. Therefore, the demand for BRCA1 and BRCA2 mutation screening is rapidly increasing as their identification will affect medical management of people at increased risk. Because of high costs involved in analysis of BRCA1 and 2 genes, contribution of different mutation types in BRCA1 and 2 and not knowing who should be tested has hampered wide spread use of molecular testing of high -risk families. There is a need to identify the genes and types of mutations involved in breast or ovarian cancers at different age of onsets and polymorphism and polymorphic variations in our population. Methods: Twenty-seven patients with either early onset breast cancer (at age≤ 35 years) or a personal and/or family history of breast or ovarian cancer and 50 control subjects participated in this study. After collecting blood samples and extracting DNA, BRCA1 and BRCA2 genes were fully sequenced. Results: Thirteen missense substitutions in BRCA1 and BRCA2 (9 and 4, respectively) were revealed. Two nucleotide substitutions were novel (Gly1140Ser in BRCA1 and Glu1391Gly in BRCA2). The Glu1038Pro and Gly1140Ser were found in large series of breast and ovarian cancer and matched controls. Conclusion: Some nucleotide substitutions were seen only in single families and other in several. In other cases, mutations were seen in both BRCA1 and BRCA2 genes. Clinical significance of these mutations was evaluated comparing with normal controls.
Introduction
Breast cancer is the most common forms of hereditary cancer worldwide. It is an important cause of morbidity and mortality. Based on the statistics released by the American Cancer Society in 2007, it is the second lethal cancer in women after lung cancer (1) . Germ-line mutations in BRCA1 and BRCA2 genes cause hereditary predisposition to breast and ovarian cancer (2) . These genes products play major role in DNA repair by homologous recombination, maintenance of chromosomal stability, activation of DNA damage checkpoints, transcription-coupled DNA repair, cell cycle regulation, and ubiquitylation (3) (4) (5) (6) (7) . BRCA1 gene is located in 17q21 and consists of 24 exons coding for 1863 amino acids (8) . BRCA2 in on 13q12 and consists 27 exons coding for 3418 amino acids (3) . The majority of deleterious mutations found so far are frame-shift or nonsense mutations. They result in premature translation termination and are distributed throughout the genes, but splice-site mutations as well as single amino acid substitutions (missense mutations) in functionally important and well-defined domains have also been reported (7) . 20-30% of individual with breast cancer have a family history of the cancer (3) . By the age of 40, carrying a deleterious BRCA1 mutation confers a 20% risk of devel-oping breast cancer and or 17% chance for ovarian cancer. The risk increases with age and lifetime risk reaches to 82% by age 80 (4) as well as for ovarian cancer increases to 39% by age 70 and 54% by age 80 (5-9). Breast cancer risk by age 70 for BRCA2 mutation carriers have been found to be 45%, and for ovarian cancer being 11% (9) . Molecular studies have shown that the probability of finding mutations in BRCA1 and BRCA2 genes increases as age decreases. For example there is higher chance of finding mutation in either of these two genes at age 40 than 70 (10) . Some mutations have been shown to have high penetration and they account for 16-25% of familial cases (11) . These data strongly suggest that genomic rearrangements of BRCA1 and BRCA2 genes should be assessed in young probands with a strong family history of breast cancer. Genetic testing is currently used to determine if individuals with a personal and/or family history of breast cancer carry mutations or genomic rearrangements in these two genes. The results of these tests provide useful guidance in deciding how to follow these highrisk individuals in order to prevent the occurrence of breast cancer or even ovarian or permit early cancer detection. Worldwide prevalence of BRCA1 and BRCA2 mutations in breast cancer varies between 1.8-13.1% (12-13) but in Asian countries it varies from 0.8 to 8.6% (14) . In the present study, which is part of a major study in Iranian population, 25 breast cancers or patients or their relatives from four high risk families and 50 control (elderly women without breast or ovarian cancer) were analyzed for BRCA1 and BRCA2 genes mutations and describe the nature of genetic variations in these two genes.
Material and Methods

Families
After genetic counseling of index cases (mostly patients of first-degree relatives) with breast and/or ovarian cancer and obtaining a written informed consent, we screened them for BRCA1 and BRCA2 mutations. High-risk family defined if at least one of below exists: 1) at least 3 relative cases in a family, diagnosed at any age; 2) at least 2 patient first degree relatives (or second degree from the paternal side) with a personal history of breast and/or ovarian cancer; 3) an individual with either bilateral breast cancer, breast and ovarian cancer, or bilateral ovarian cancer, with at least one of the cancers diagnosed age of 50; 4) one affected men (15) .
Mutation screening DNA extraction and PCR amplification
Genomic DNA extraction from peripheral blood samples, were carried out using standard extraction protocols (Using a Promega DNA purification kit (catalogue no. LA1620). All BRCA1 and BRCA2 exons and exon-intron boundaries, except exons 1 and 4 in BRCA1 and exon 1 in BRCA2 were amplified by PCR using exon-specific primers. Primers were selected to expand 100-50 bases from the exon-intron boundaries and were checked using Gene runner software (16) . Each 25 ul (microliters) PCR reaction contained ~30 ng of genomic DNA, 2 ul 10X buffer, 2.5 ul dNTPs, 2.5 ul Mgcl2, 0.2 ul forward primer, 0.2 ul reverse primer, 0.2 ul Taq polymerase and 20 ul of deionized dH2O in 25 ul reaction mix. The PCR mixture was denatured at 93° C for 1 min (except the initial denaturing for 3 min), annealed for 1 min at a temperature varying from 56° C to 62° C depending on the melting temperature of the exonspecific primer pairs, and extended at 72° C for 1 min (except the extension for the final cycle for 2min) for 35 cycles. The presence of the PCR product for each PCR reaction was measured by agarose-gel electrophoresis. The amplified PCR products were purified using KBC pure kit (KBC co., Tehran, Iran) according to the manufacturer's instructions, and eluted in 70-140 ul ddH2O prior to sequenicng.
Direct sequencing
We sequenced PCR products with an ABI PRISM DyeDeoxy Terminator Cycle Sequencing Kit and an ABI 3100 Genetic Analyzer (Applied Biosys-tems, Warrington, UK). The reactions were performed using 5-100 ng of purified PCR products, 10.4 pmoles of forward or reverse primers, Ready Reaction Premix and 1× reaction buffer in a total volume of 20 ul. Cycle sequencing reactions were performed in a Primus 96 cycler (ABI, UK) at 96° C for 60 s ,96° C for 10 s, 50° C for 5 s, and 60° C for 4 min for 28 cycles. Prior to capillary electrophoresis, unincorporated dye terminators were removed from the extension product using KBC pure kit and DNA was precipitated by using ethanol precipitation. The purified extension products were denatured at 95° C for 5 min and placed on ice for 3 min. Sequencing was performed on ABI Genetic Analyzer 3130 or 3130xl machines (Applied Biosystems Inc., USA) by KBC Co. (KBC Co., Tehran, Iran). We processed the data collected from the ABI detection system using the Sequencing Analyzer version 5.2 software. Sequence alignments for each exon read were viewed in the Consed viewer Software (ABI, UK) and sequence variations were annotated and recorded. Negative controls were checked for the absence of analyzable sequence. Electrophorograms were checked for the quality of sequencing reactions and the results were checked against normal sequence in the Genbank (NCBI) using Gene Runner software. Any sequence variation was checked in the BIC and HGMD.
Results
The clinical information of patient and her family from 4 breast cancer families who had came to our center are summarized in Tables 1, 2 and 3. In family A (Pedigree 1), three sisters have had breast cancer, diagnosed at age 40, 38 and 28 yr, and breast cancer in their deceased mother had been diagnosed at age 38 yr. Several different mutations were found in this family (Table1, 2). These were leu771leu (T2430G), leu871Pro (C27-31T), Glu1038Gly (A3232G), Ser1436Ser (T44-27C), Ser1613Gly (A4956G) in heterozygote form and Gly1140Ser (G3538A) in homozygote form in BRCA1 gene as well as leu1521leu (A4770G), Val2171Val (G6722C) in homozygote form in BRCA2 gene. All three affected sisters and their healthy brother had all the above mutations and SNPs.
Pedigree 1: All three affected sisters and their healthy brother had leu871Pro, Glu1038Gly, Ser1613Gly, Gly1140Ser haplotype in BRCA1.
In Family B (Pedigree 2), the index case had a daughter who had developed breast cancer at age of 25 and died 6 mo later. The index case, her daughter, two aunts had breast cancer diagnosed at age 53, 30, 35 and 57 yr, respectively. She was homozygote for the leu871pro (C2731T) missense substitution. She was also heterozygote for Ser1040 Asn (G3238A), Gly1738Glu ( Fig.1 ) (G5331A) and Gly1140Ser (G3538A) mutations of the BRCA1 gene. Affected members had Gly1738Glu (G53 31A), leu871pro (C2731T) and Gly1140Ser (G35 38A) mutations. Her apparently healthy daughter, aged 38, had only leu871pro (C2731T) and Ser 1040Asn (G3238A) mutation. Three mutations namely Ser1040Asn (G3238A), Glu1035Gly (A32 21G) and Gly1140Ser (G3538A) were seen in her apparently healthy son.
Pedigree 2: All affected members had the missense substitutions Gly1738Glu, leu871pro and Ser1040Asn in Brca1
The deceased mother and her sister, in family C, (Pedigree 3), have had breast cancer diagnosed at age77 and 60 respectively. Her niece (deceased sister's daughter) had breast cancer at 35 yr, but her pathological data were not available. BRCA1 gene scanning showed that her two apparently healthy daughter's at 39 and 42 had homozygous Glu1038Gly (A32-32G), Gly1140Ser (G3538A) missense substitutions and were heterozygote for Ser1436Ser (T44-27C), Ser1613Gly (A4956G) mutations. Both were heterozygote for IVS 9-70 CATT deletion. Thyroidtumor  femourtumor   38  28  38  40  37  53  25  30  35  57  36  39  77  60  35  42  39  75  60  45  44  43  42  44  46   A1 I  A2 II  A3 II  A4 II  A5 II  B1 I  B2 II  B3 II  B4 III  B5 III  B6 II  B7 II  C1 I  C2 I  C3 II  C4 II  C5 II  D1 I  D2 I  D3 II  D4 II  D5 II  D6 II  D7 II  D8 
Discussion
This finding suggests, as has been documented by others, that early-onset alone is not show a good indicator of the presence of BRCA1/2 mutations, but the combination of early onset breast cancer and other risk factors, such as family history or bilateral breast cancer, are good indicators for being a mutation carrier. Nine polymorphisms (Leu771, Leu871, Glu1038, Ser1436, Ser1613, Ser1040, Glu1735 in BRCA1 gene and Leu1521, Val2171 in brca2 genes) found to be present in more than one family and in >10% of control samples. Polymorphisms (variants with no obvious functional effect, or that appear reasonably often with a similar frequency incases as in controls) are not considered to have a major influence on cancer risk (such as relative risks less than 2) (17). Inaddition, the novel missense substitution Gly1140-Ser (G3538A) (Fig. 2 ) in BRCA1 gene was found in four of the studied breast cancer families. In addition the novel missense substitutions Glu1391Gly (Fig. 3 ) in BRCA2 genes was found in one family. In family B, the missense mutation, 5331 G > A (G1738E) (Fig.1 ) was identified. The exact effect of G-1738E, on the protein function is unclear. The altered glycine is located on the surface of the coil structure of the BRCT linker region and therefore the mutation may disrupt the interface or affect protein interaction (18, 19) . This mutation has been previously described in 4 unrelated Greek patients (20) and in few cases by Abkevick in 2000 and 2004, respectively (21, 22) . In vitro studies have shown that G1738E, substitution causes loss of function of the protein (20, 23) . According to this information, the family history of the individuals, and absence of the mutation in the proband's unaffected sister and 50 control populations, therefore we hypothesize that this mutation probability is significant and more data are needed for its pathogencity. In family A, with three women with early onset breast cancer missense substitutions Leu871Pro, G Lu1038Gly, Ser1613Gly, Gly1140Ser (Fig.2) in BR-CA1 gene have been found, concomitantly. It is interesting to see that in family C, two members are also carriers of the above missense substitutions except Leu871Pro. In family D missense substitutions Glu1038Gly, Gly1140Ser in BRCA1 and Glu1391Gly in BRCA2 in three sisters have been found that two of which are similar to those in family A and family C (Glu1038Gly and Gly1140Ser). Therefore, these results and those from the controls that may display haplotype at the BRCA1 locus defined by these alleles (i.e. Leu871Pro, G Lu1038Gly, Ser1613Gly, Gly1140-Ser and Glu1038Gly, Ser1613Gly, Gly1140ser) are alert in carrier; therefore, carriers have to do necessary actions about it. In family C, the IVS 9-70 -Del CATT may not have pathogenic effect since it is located in the intron far from the splice junction site. We also checked any cryptic splice effect for this region by checking this sequence in software and no abnormality was observed. Novel missense substitutions Gly1140Ser in BRCA1 gene was found in members of four families with different haplotypes which indicate no founder effect. It was also seen in >10% of the control population. Therefore, it cannot be claimed with certainly that this variant has any effect on predisposing a person to breast cancer. In family D, missense substitutions Glu1038Gly, Gly1140-Ser in BRCA1 and Glu1391Gly (Fig. 3 ) in BRCA2 were seen in three affected sisters' probability is pathogenic although additional data are needed. Heterozygosis and homozygosis of any of the examined nine BRCA1 and BRCA2 missense polymorphisms cannot explain the increased risk of breast and/or ovarian cancer observed in families with hereditary breast and/or ovarian cancer. Empirical predictive models such as Myriad II, Couch, and Manchester Scoring System are intended to estimate the possibility of a BRCA1 or BRCA2 mutation in a woman based on her family history and are used widely in clinical practice (24) (25) (26) .
Genetic counseling of such families safely can disregard findings of these missense polymorphisms (27, 28) .
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